Abstract: Based on leveling data in 1972 -2011 and relative-gravity data in 1993 -2011, we obtained a longterm vertical crustal-deformation rate of l. 62mm/a and a relative-gravity variation rate nf 0. 62 X 10 -• ms ' 2 a -1 for the northeastern margin area nf Qinghai-Tibet plateau. Mter removing the contributions from the observed vertical movement and inferred surface denudation, we obtain a gravity-variation rate nf 0. 73 x 10 -• ms · 2 a -1 attributable to the mass changes beneath the crust. This positive change suggests that the total mass under the observation stations was gradually increasing. We consider this result to be the gravitational evidence of underplating beneath the study area, and propose that the underplating was caused by collision betwen the Indian plate and Tibetan plateau and by gravitation-potential induced deviatoric stress.
Introduction
The northeastern margin area of Qinghai-Tibet plateau is controlled joindy by several tectonic blocks and is topographically a transition belt between Qinghai-Tibet block and several blocks nearby. Recendy, geoscientists have paid increasing attention to its complicated geophysical and geological characteristics. Some scholars studied the process of geodynamics and crust-mande coupling here by using GPS observation of tectonic movement and by using observation of seismic SKS splitting caused by anisotropy of the upper mande to the overlying crust ) is an important mechanism.
But this conclusion lacks other observational evidences , such as those in vertical deformation and gravity
variation.
Since vertical displacement may also cause gravity change, its effect must be eliminated from the gravity data observed at the surface in order to isolate the change caused by mass change. In this study, we combined the relative-gravity data observed during 1994 -2011 and leveling data observed during 1970 -2011 in the northeastern margin area of Qinghai-Tibet plateau , and attempted to find some geodetic evidence for underplating in this area. The leveling data showed an uplifting trend and the positive gravity-change rates showed a gradual underlying mass increase. By removing the contribution of surface vertical displacement,
the gravity values at the observation points on the deformed earth surface were converted to those of a flXed point, and residual gravity changes may be considered to reflect only the effect nf interior mass changes.
Based on the inferred mass changes beneath the Tibetan plateau , we then discuss about the mechanism of By comparing figures 1 and 2 , we see that the crust in the study area showed an uplift as a whole , and the gravity showed increases in Hexi corridor and the eastem plains but a decrease in the southwestern plateau.
It is well known that gravity changes observed on surface may be caused by vertical crustal displacement , In the following we try to subtract the gravity changes attributable to mass change beneath the observation points from the observed gravity changes in order to provide a gravity evidence of underplating in the study area.
Gravity evidence of underplating
Since the Hexi gravity-survey network had gone through reconstruction and improvement several times , relatively few observation points had a whole set of data of both gravity and leveling. We selected eight stable stations shown as 1 -8 in figure 3 , and plot their temporal gravity changes in figure 4 , together with the trend lines obtained by least-squares fitting. l. The collision and the deviatoric stresses generated by the gravitational potential are major dynamic sources for crustal movement in the study area, and have influenced mass exchange beneath this area. The lower crust is usually regarded as a fluid , the flow of which is governed by variation in pressure at the base of the brittle crust. Consequently , the northward movement of this mantle fluid is turned into northeastward and southeastward movements along the east-west trending strike-slip faults. In this process, some of the mass is probably subducted by isostasy below the study area , while the mass at the bottom of the crust is uplifted by the continuing deviatoric stresses. At the same time, mantle material may be added to the bottom of the crust. Thus, the mass increase due to crust-mantle coupling is expected to increase the observed gravity.
Conclusion
In this study, we have combined relative gravity and leveling data and obtained geodetic evidence nf underplating beneath the northeastern margin of Qinghai-Tibet plateau. Also we proposed the collision between the Indian plate and the Qinghai-Tibet plateau and the deviatoric stress produced by gravitational potential to be the main causes nf crust-mantle coupling here. Since the crustal motion in this area is in the form of block motion, our conclusion is preliminary. In the future, we will try to make use of GPS and seismic SKS splitting data to investigate the extent and process nf crust-mantle coupling in more detail.
